INTRODUCTION
Non-traumatic sudden death during or immediately following strenuous sporting activity is an event of which most sportsmen are aware. The subject has been the concern of sportsmen, sports governing bodies and the medical profession, and has often excited alarmist media reports.
Although there appears to be a statistically small increased risk of sudden death during strenuous exercise (Opie, 1975; Thompson et al, 1982) , there remains an appreciable mortality Ballantyne, 1983, 1984) . The majority of sudden deaths are attributed to cardiovascular disease, particularly coronary heart disease (CHD) and although a wide age range is affected, most subjects are over the age of 35 years .
It is the intention of this article to examine ways in which the prevalence of sudden cardiac death in sport can be reduced.
DEMOGRAPHIC DATA At present, we are aware of 151 cases of sudden death which have occurred in association with strenuous sport and have been documented in the medical literature A number of workers have reported the heart rate (HR) responses to various sports. In squash we have recently confirmed HR responses of 80% of the predicted maximum heart rate (PMHR), sustained for up to 40 minutes in healthy volunteers . Similar studies in tennis have reported HR response of 60-70% of PMHR for periods of rally play only (Misner et al, 1980) . Heart rate has been shown not to rise above 100 bpm in golf, bowls or cricket (Kozar and Himsicher, 1963) .
Cardiac Arrhythmias Cardiac arrhythmias, including ventricular tachycardia, have been demonstrated in a group of healthy male individuals during squash (Raab et al, 1962) . In the immediate post-exercise period, serum concentrations of catecholamines and free fatty acids are known to be elevated (Dimsdale et al, 1984; Johnson et al, 1969) . Both of these changes may be responsible for cardiac arrhythmias at this time Gooch and McConnel, 1970) . Other biochemical changes such as exercise induced hyperkalaemia, may also contribute to the generation of arrhythmias (Lim et al, 1981) . Likewise, environmental influences such as humidity and high temperature, are known to elevate heart rate and increase cardiac ectopic activity (Taggart et al, 1972) . Smoking is capable of stimulating both catecholamine release and an increase in free fatty acids in the serum (FFA's) (Ball and Turner, 1974; Kershbaum et al, 1961) .
Heat Stroke
Heat stroke, noted particularly in marathon running (Wyndham and Strydom, 1969) , may result in haemoconcentration, which could make thrombus formation and subsequent coronary artery occlusion more likely. It has also been shown to cause patchy, subendocardial necrosis (O'Donnel and Clowes, 1972 registered without information of the activity of the deceased prior to death. Thus, the frequency of death during exercise is not known. There is a need for greater recognition of this problem in view of the growth in the number of reported deaths and increasing age of participants. Sports governing bodies can assist by attempting to document the extent and nature of sudden death in their own sport. The Squash Rackets Association (SRA) is to be commended for its efforts in this way. They have gone as far as circulating some sensible suggestions to prospective players in an effort to reduce any complications occurring when playing squash.
Which Sport? It is perhaps unfortunate, that squash has been subject to much media coverage because of the prevalence of sudden death. This may be a reflection of the individuals engaged in the sport. The SRA themselves, estimate that there may be 165,000 players over 45 years of age playing in the UK. As it is such a physically demanding sport, it may be wiser for individuals in the coronary prone age group to consider more gentle forms of exercise if taking up sport for the first time after some years of inactivity. The present boom in marathon running is also potentially hazardous to the coronary prone or those with undetected, overt, cardiovascular disease. Only a few years ago, we would have questioned the sanity of recommending a 26 mile run to a 50 year old, but now this activity is encouraged! There is no evidence that such endeavours are more beneficial to the cardiovascular system, than other, more gentle forms of exercise. Why has jogging a few miles a few times a week become "unfashionable"? We would recommend that individuals should be encouraged to exercise, but to participate in sports which are suited to their age, physical ability and general health. Walking, jogging, swimming and cycling would be suitable in this respect.
Education
There is a requirement for more adequate education and supervision of the embryo sportsman. All sportsmen should be aware of the small risks attached to vigorous exercise, and should be able to recognise warning symptoms. Aggressive, competitive sportsmen have been noted to deny prodromal symptoms (Opie, 1975; . Individuals should be encouraged to refrain from strenuous exercise if such symptoms occur. It has been suggested that individuals should not exercise when suffering from an upper respiratory tract infection or other pyrexial illness, as this can be accompanied by a potentially lethal subdinical myocarditis (Kocnar and Rous, 1973 ). Although we have not been able to implicate myocarditis as an important cause of sudden death in sportsmen, we agree that vigorous exercise should be discouraged at this time. The medical profession and those concerned with the supervision of sportsmen should be aware of the consequences of such prodromal symptoms and conditions. In a recent study , of 30 sudden deaths in association with squash, we found that one third of the individuals had hypertension documented on two or more occasions, but this had been treated in only one subject. Three subjects had hyperlipidaemia, three had angina or previous myocardial infarction (Ml) and one subject was known to have suffered a myocardial infarct 10 years previously and also had aortic regurgitation, requiring regular review at a cardiology clinic. This subject had been told by his doctors that there was no harm in playing squash! Pre-participation Medical Screening Individuals such as those outlined above may benefit from medical screening which would detect overt cardiovascular disease and would indicate a relatively increased risk. However, having been advised of this increased risk, it is of course the individual's decision whether he persists in playing a particular sport.
The practicality of medical screening has been questioned. However, often a simple interview and clinical examination would suffice. This would allow detection of CHD risk factors, and overt, potentially lethal cardiovascular disease. If a subject was found to have one or more CHD risk factors or was symptomatic, we would advocate screening using exercise electrocardiography. This policy has also been suggested elsewhere (Chung, 1980; Levy, 1981; Nye, 1983) .
The value of exercise electrocardiography in this respect is not solely related to the detection of CHD. It can be a useful investigation for predicting future coronary events. There is good evidence that it does so (Table 1) . Bruce and McDonough (1969) studied 221 asymptomatic men and found that those with an abnormal appearance on the exercise electrocardiogram had a relative risk of subsequent CHD, 13.6 times greater than normal over the subsequent five years. Other workers have reported similar results ranging from a relative risk of 10-20 (Aronow, 1973; Forelicher et al, 1974; Cumming et al, 1975) . We believe that the evidence of the exercise test result, when added to the other risk factors assessed, would enable one to provide better advice to the subject contemplating strenuous sporting activity. In the present state of knowledge, however, it would not be justifiable to proceed from a positive exercise test result in an asymptomatic subject to either thallium scintigraphy or coronary angiography.
We appreciate the potential cost of such a programme, but feel this could be minimised by screening the population at greatest risk, i.e. males > 35 years. Facilities for this could perhaps be made available on a payment basis within the NHS or could be provided by individual sports centres.
Changes in individual sports
Certain sports could be made safer by alterations in their rules. In boxing, title fights are now conducted over 12 rounds instead of 15, and Olympic boxers now require to wear "head guards". Possibly by improving the environment of some sports, a reduction in mortality may occur. Improved ventilation and temperature control on squash courts may be beneficial. Although it would seem commercially unviable at the present, alterations in court design may be desirable. Various changes have recently been suggested such as removing the back wall, or making the court bigger -both of these measures would reduce the length of rallies and perhaps place more emphasis on racquet head skill, rather than physical effort.
Useful Precautions
Adequate warming-up and warming-down should be encouraged, this may reduce the number of dysrhythmic deaths. Likewise the discouragement of smoking and NBLE I Follow-up studies using maximal treadmill test to screen asymptomatic men for latent coronary heart disease. (Sheehan, 1976) . Fluid and electrolyte loss should be compensated, particularly during endurance events such as marathon running. Although feeding stations are available at most marathon events, not all runners utilise this service adequately. Hypothermia following cessation of activity, particularly in marathon runners, should be avoided by preventing heat loss. However, the practice of supplying aluminium foil "space blankets" to finishing competitors is an expensive and ineffective way to do this. It may be better for competitors to have their tracksuits made available at the finishing point.
CONCLUSIONS
Many may take the view that the preventive measures above are unnecessary because of the low statistical risk of sudden death in sport. However, the extent of the problem is probably grossly underestimated. We do not know the prevalence of non-fatal coronary events during exercise, and are dependent on media reports for information on sudden deaths. It has been estimated, that in squash alone, 27 deaths occur per annum in the UK (Fowler, 1980 ). If this is true then there are likely to be a considerable number of deaths in other sports, all amounting to an appreciable mortality. The suggestions expressed in this paper may help reduce the occurrence of sudden cardiac death in sport.
